Actilane 430 higher than 40wt% were unstable and liable to form precipitation after keeping more than 2 weeks but UH and UHA were quite stable at ambient condition for more than 3 months. The particle sizes of these microspheres were around 100nm and grew slightly with the incorporation of multifunctional acrylates (Fig. 1 ).
In the range of Actilane content between 0 30wt%, the multifunctional acrylate oligomer is presumed to be contained in the inner region of polyurethane microspheres. Figure 2 shows the correlation between MEK resistance of UV cured films and double bond content in the microspheres without multifunctional acrylate oligomers. The MEK resistance of UV cured films is remarkably raised when the content of double bonds in polyurethane chains is higher than 1.5meq/g. It is clear from this result that the content of double bonds must be higher than a certain threshold value(ca2.Omeq/g) in order to attain MEK resistance which is comparable to solvent-borne coating materials. The effect of incorporating multifunctional acrylate oligomers into the emulsion particle was examined by comparing the MEK resistance of UV cured emulsion films with and without acrlylate oligomers (Fig. 3) .
MEK resistance of cured films
At higher UV irradiation dose, the effect of aclylate oligomers is not clear, but at lower UV dose of around 50mJ/cm2 the emulsion films containing acrylate oligomers gave higher MEK resistance than those without acrylate oligomers.
It seems that the acrylate oligomers are effective in raising crosslinking density by copolymerizing with pendant acrylate groups in the polyurethanes. From the data shown in Figure 10 , the irradiation intensity of UV and EB giving the same value of double bond conversion is easily found. It is found that in UV cured system the conversion of double bond shows an tendency to saturate at the higher irradiation intensity.
Conclusion
(1)We have developed waterborne radiation curable coating materials with excellent solvent resistance competitive with solventbome counterparts.
(2)The effect of incorporating multifunctional acrylate oligomers into the emulsion particles was observed. 
